ABSTRACT. RAPD analysis was carried out using to infer the characteristics of RAPD generated DNA fragment and to investigate phylogenetic relationships in three species of D. spatulata complex with different types of genome compositions and ploidy levels. A total of 60 decamer random sequences were initially screened to select using analysis primers. The result of RAPD analysis in the present study showed that D. rotundifolia and D. tokaiensis clustered more closely than D. spatulata. Thus, DNA fragments obtained from RAPD primer might have a priority to amplify certain DNA from the haploid genome set with larger chromosome size than that of smaller size in Drosera spatulata complex species.
Carnivorous plants are interesting botanical oddities that show a range of characters different from those of a normal plant (Bhau et al. 2009 ). These plants typically inhabit environments where nutrients are limited, and insects trapping may have evolved as a means of providing a supplemental source of nutrients, especially nitrogen (Givnish et al. 1984; Gallie and Chang 1997; Bhau et al. 2009 ). Then, carnivorous plants have long attracted the attention of botanists, because of their highly specialized morphology and curious trapping mechanisms (Juniper et al. 1989; Rivadavia et al. 2003) .
The family Droseraceae, which is one of the representative carnivorous plant, includes four genera historically: the sundews Drosera, Drosophyllum, Aldrovanda, and the Venus's flytrap Dionaea, the last three of which are monotypic (Cronquist 1981; Takhtajan 1997; Rivadavia et al. 2003) . The sundew genus Drosera has active flypaper traps and includes nearly 150 species distributed mainly in Australia, Africa, and South America, with some Northern Hemisphere species (Rivadavia et al. 2003) . Their leaves capture their prey with mobile glandular hairs that are present on the adaxial leaf surface (Rivadavia et al. 2003) .
In the Northern Hemisphere species of Drosera, the species have the basic chromosome number of x = 10, and belong to series Drosera of section Drosera in subgenus Drosera (formerly series Eurossolis, section Rossolis in subgenus Rorella) (Diels 1906; Hoshi et al. 2008) . Especially, the five species, Drosera anglica Huds., D. capillaris Poir., D. filiformis Raf., D. intermedia Hyne and D. rotundifolia L. are widely-distributed species as Northern Hemisphere group of series Drosera (Hoshi et al. 2008) . These species, excepting D. filiformis, have obovate-or spatulate-shaped leaves as morphologically notable character, and have middle size of metaphase chromosomes (from 2 to 5 µm) as karyomorphologically remarkable character (Hoshi and Kondo 1998; Hoshi et al. 2008) . In contrast, D. spatulata complex, which is taxonomically same to the Northern Hemisphere group, is distributed from eastern part of Australia throughout the South East Asian countries, to Japan (Hoshi et al. 2008) . Diploid and tetraploid plants of the D. spatulata complex have a spatulate leaf-shape, and have small size of metaphase chromosomes (approximately 1 µm) (Hoshi et al. 2008) . On the other hand, the hexaploid in D. spatulata complex shows intermediate leaf type between obovate and spatulate shapes (Hoshi et al. 2008) . Moreover, the hexaploid has diploidal number of the middle-sized chromosomes and tetraploidal number of small-sized chromosomes (Hoshi et al. 2008) . The hexaploid, which is called D. spatulata 'Kansai type' (Kondo 1971) or D. tokaiensis (Komiya and C. Shibata) T. Nakamura and Ueda published as new species (Nakano et al. 2004 ) have long been considered hybrid origin between a Northern Hemisphere species and the tetraploid D. spatulata (Hoshi et al. 2008) . The hexaploid species is found on the Pacific side from west to central parts of Honshu in Japan, and was first described in Kondo (1966) (Hoshi et al. 2008) . In Japan, there are two morphological types of D. spatulata complex that are geographically isolated from each other: The one mainly growing on the eastern Pacific coast of Honshu is called the 'Kanto-type', and the other from the western to the central Pacific coast is known as the 'Kansai-type' (Kondo 1971) or D. spatulata ssp. tokaiensis, which was recognized as a distinct species, and thus they proposed to rename D. tokaiensis as a separate species instead of a subspecies (Nakamura and Ueda 1991; Hoshi et al. 2008) .
Random Amplified Polymorphic DNA (RAPD) method of DNA amplification (Williams et al. 1990 ) has been widely used as a means of generating genetic markers in many organisms. RAPD technique could identify genotypes directly and help to mitigate complications arising from earlier cytological and morphological studies (Das 2008) .
In this study, RAPD analysis was carried out using 60 random primers to infer the characteristics of RAPD generated DNA fragment and to investigate phylogenetic relationships in three species of D. spatulata complex with different types of genome compositions and ploidy levels.
MATERIALS AND METHODS

Plant materials
The plant materials used are listed in Table 1 . To extract total genomic DNA, leaf materials of the plants were obtained from tissue culture grown on half-strength Murashige-Skoog (MS) basal medium (Murashige and Skoog 1962) , supplemented with 3.0% sucrose and 0.2% gellan gum (Table 1 ). The plants used were cultivated in the Laboratory of Plant Environment Science, Department of Plant Science, School of Agriculture, Tokai University.
DNA extraction Total genomic DNA extraction followed Hoshi et al. (1994) . The DNA of three individuals was extracted from fresh leaf from in vitro plant. The samples were ground into powder with liquid nitrogen and homogenized in the buffer containing 1 M Tris (pH 8.0), 20 mM EDTA, 1.4 M NaCl, 2% cetyltrimethylammonium bromide and 0.5% mercaptoethanol. The homogenate was extracted three times with an equal volume of chloroform-isoamyl alcohol (24:1) for 15 min each and the DNA was precipitated with an equal volume of isopropyl alcohol at room temperature.
RAPD amplification
We followed the instructions of RAPD 10mer Kit (Operon technologies, Alamenda, CA, USA). To optimize the polymerase chain reaction (PCR) amplification conditions, experiments were carried out with varying concentrations of DNA template, primers, and Go Taq. A total of 60 primers were used for PCR-RAPD analysis. The primers were from the OPA, OPB, and OPC series of Operon technologies (Alamenda, CA, USA). Amplification was performed on a PCR thermalcycler, Program Temp Control System (Astec, PC-708) with 20 µl reaction mixtures containing 1 ng of template DNA, 10 pmol of each primer and 10 µl of GoTaq® Green Master Mix (Promega, M7122), which includes Taq DNA polymerase , 0.2 mM of each dNTPs (dATP, dTTP, dCTP and dGTP) and 1.5 mM MgCl 2 . The amplification regime was performed with the following programmes: 94˚C for 5 min followed by 45 cycles with 94˚C for 0.5 min, 42˚C for 0.5 min, 72˚C for 1 min and a final extension at 72˚C for 10 min. Amplified PCR products were performed onto an agarose (1.0% w/v) gel electrophoresis in 1×TAE buffer at 100 V for 40 min. The gel was visualized by Ethidium Bromide staining and photographed under UV illuminater (Funakoshi, .
Data analysis All amplifications were repeated thrice in order to confirm the reproducible amplification of scored fragments. Second (Only) reproducible, third reproducible and clear amplification bands were scored for the construction of the data matrix. The marked changes observed in RAPD profiles (disappearance and/or appearance of bands in comparison with untreated control treatments) were evaluated. Each gel of RAPD was analyzed by scoring present (1) or absent (0) bands. The RAPD and pooled data matrices were entered into the 
RESULTS
The potential of RAPD fingerprinting for species differentiation within the Drosera was well demonstrated with amplification of purified genomic DNA (Fig. 1) . A total of 60 decamer random sequences were initially screened to select using analysis primers. For the purpose of clear up the lurk bands in D. spatulata complex and it closed species bands, all species were, used, and primers that no generated bands in the fingerprints were not retained. Twenty-seven primers were selected for the study. More than 12 RAPD bans were not obtained in this study. A total of 60 decamer random primers (OPA-01 through OPC-20) were tested in each of the three Drosera species accessions for examining RAPD pattern. Of these, 7 primers amplified across all the species. In all, 124 reproducible fragments were amplified, although different primers amplified varying numbers of fragments. The maximum number of major amplicons generated by RAPD was twelve, obtained with primer OPC-02.
Primers of OPA-02, OPA-03, OPB-06, OPC-05 and OPC-09 revealed the presence of one, two, one, two and one bands shared by all Drosera species, respectively. Common bands to D. rotundifolia and D. spatulata were obtaineds by using primers of OPA-09 and 13. Specific bands to D. rotundifolia were obtained by using primers of OPA-01, 02, 03, 04, 09, 10, 11, 18, 19, OPB-05, OPC-01, 04, 08 and 09. Specific bands to D. spatulata were obtained by using primers of OPA-02, 03, 04, 09, 13, 20, OPB-07, 10, OPC-02, 05 and 08. Specific bands to D. tokaiensis were obtained by using primers of OPA-02, 04, 09, 10, OPB-07, 10, OPC-02, 04, 08, and 12.
Pairwise genetic distances within Drosera species, as revealed by RAPD analysis, are shown in Table 2 . It ranged from as low as 7.62, or 59 character differences between D. rotundifolia and D. tokaiensis to as high as 9.80, or 91 character differences between D. rotundifolia and D. spatulata (Table 2) . Genetic distance between D. rotundifolia and other related species was the lowest for D. tokaiensis.
Cluster analysis of the genetic distance values was performed to generate a dendrogram showing overall genetic relatedness between Drosera species (Fig. 2) . Using three Drosera species, distinct cluster tree was obtained. The first cluster comprised D. rotundifolia and D. tokaiensis, whereas D. spatulata formed the next higher genetic distance cluster (Fig. 2) . Species placed within a cluster were more closely related to each other than to species present in different clusters. Thus, D. rotundifolia and D. tokaiensis were genetically closer to each other than to other species, as revealed by RAPD markers at the DNA level. 
DISCUSSION
The result of RAPD analysis in the present study showed that D. rotundifolia and D. tokaiensis clustered more closely than D. spatulata. The development and application of randomly amplified polymorphic DNA (RAPD) markers generated by the polymerase chain reaction (PCR) using arbitrary primers have resulted in alternative molecular markers for the detection of DNA polymorphisms. The technical simplicity of the RAPD technique has facilitated its use in the analysis of phylogenetic relationships, cultivar identification, genetic diversity parentage determination and marker-assisted selection in several plant genera (Kawchuk et al. 1994; Abo-elwafa et al. 1995; Sharma et al. 1995; Friesen et al. 1997; Wolff and MorganRichards 1998; Ahmad 1999) . Thus, the average highest percentage of similarity between D. rotundifolia and D. tokaiensis suggest a close relationship among the two species and a higher percentage of polymorphism among three species. However, previous molecular study of Drosera spatulata complex with ITS and rbcL sequences, which could be use to identify putative parents and maternal species respectively, demonstrated that D. tokaiensis was an allopolyploid (2n = 60, hexaploid) with hybrid origin between D. rotundifolia (2n = 20, diploid) as paternal ancestor and D. spatulata (2n = 40, tetraploid) as maternal ancestor (Hoshi et al., 2008) . The RAPD results with previous studies of DNA sequence and cytologenetics in Drosera suggested that the RAPD fragments were preferentially amplified from the genomes with 20 larger chromosomes in D. rotundifolia and D. tokaiensis. Therefore, DNA markers obtained from RAPD primer might have a priority to amplify certain DNA from the haploid genome set with larger chromosome size than that of smaller size in Drosera spatulata complex species, but not with chromosome number, 2C/4C values of DNA contents or ploidy level. In such a case of present study, cytological study and chromosome information will be important to mitigate complications of DNA based molecular data like RAPD.
